. A small reduction in risk was also observed with increasing intake of dietary vitamin C (RR highest/lowest quintile = 0.77, 95% Cl 0.55-1.08). For retinol, a weak positive association was observed (RR highest/lowest quintile = 1.24, 95% Cl 0.83-1.83). Among subjects with a high intake of polyunsaturated fatty acids (PUFAs), both 5-carotene and vitamin C intake showed a non-significant inverse association with breast cancer risk (P-trend = 0.15 and 0.16 respectively). Our findings do not suggest a strong role, if any, for intake of vitamins C and E, 13-carotene, retinol, dietary fibre, vegetables, fruit and potatoes in the aetiology of breast cancer.
In the past, one of the main issues relating to diet and breast cancer was the role of dietary fat intake, the hypothesis being that an increase in fat intake resulted in an increase in breast cancer risk (Welsch, 1987) . Many epidemiological studies were conducted to test this hypothesis, but with conflicting results (Goodwin et al, 1987; Willett et al, 1987; Howe et al, 1990; Howe et al, 1991; Van den Brandt et al, 1993) . Lately, the possible protective effect of various dietary constituents against breast cancer risk has received more interest. Among these constituents are dietary fibre, vitamins C and E, retinol and beta (p)-carotene.
Dietary fibre can influence oestrogen metabolism, which is very probably involved in the aetiology of breast cancer (Rose, 1992) . Fibre can reduce the enterohepatic circulation of oestrogen by directly binding unconjugated oestrogens in the gut (Shultz and Howie, 1986) or by stimulating microflora with low deconjugating activity (Rose, 1990) , deconjugation being a process that precedes reabsorption. A reduction in the enterohepatic circulation of oestrogens leads to a reduction in the plasma concentration, which might reduce breast cancer risk. Vitamin C, vitamin E and 13-carotene have antioxidant activity and may thus provide a cellular defence against reactive oxygen species that damage DNA (Hunter and Willett, 1994) . 1-Carotene may also reduce cancer risk as a result of its conversion to retinol, as retinol is involved in the regulation of cell differentiation (Ziegler, 1991) , although the relative constancy of serum retinol levels, despite varying 1-carotene intakes, does not support this pathway (Peto et al, 1981) . It should be noted that 13-carotene is only one of many carotenoids. Besides 13-carotene, other carotenoids also have antioxidant activity and may even be more important. Among carotenoids, 1-carotene has been studied predominantly because it is a provitamin and because most food tables contain data on 13-carotene only.
Several case-control studies have examined the association between the intake of the above components and the risk of breast cancer, but the results have been inconclusive. Some case-control studies showed a decrease in breast cancer risk with increased intake of the (pro)vitamins (Katsouyanni et al, 1988; Howe et al, 1990 ; Graham et al, 1991; Lee et al, 1991; Zaridze et al, 1991) and fibre (Iscovich et al, 1989; Howe et al, 1990; Van 't Veer et al, 1990 ; Graham et al, 1991; Baghurst and Rohan, 1994) , whereas other case-control studies showed the opposite for (pro)vitamins (Toniolo et al, 1989; Ewertz and Gill, 1990; Richardson et al, 1991) and fibre (Katsouyanni et al, 1988; Ingram et al, 1991) . Mostly negative non-significant associations between (pro)vitamin intake and the risk of breast cancer have been found in the few prospective cohort studies that have been conducted so far (Paganini-Hill et al, 1987; Graham et al, 1992; Hunter et al, 1993; Rohan et al, 1993) . Of the three prospective cohort studies of dietary fibre intake and breast cancer risk, one found a non-significant negative association (Rohan et al, 1993) and two no association (Graham et al, 1992; Willett et al, 1992) . Therefore, we prospectively investigated the relation between the intake of 1-carotene, retinol, For data analysis the case-cohort approach is used: cases are enumerated for the entire cohort, whereas the person-years at risk of the entire cohort are estimated using a random subcohort sample. In this study, a subcohort of 1812 women was randomly sampled from the cohort after baseline exposure measurement and has been followed up biennially for vital status information. After 4.3 years of follow-up no subcohort members were lost to follow-up. Follow-up for incident cancer has been established by computerized record linkage with all regional cancer registries in The Netherlands and with PALGA, a national database of pathology reports. The method of record linkage has been described previously ( Van den Brandt et al, 1990b) . The present analysis is restricted to breast cancer incidence in the period from September 1986 to December 1990. After 3.3 years of follow-up, completeness of cancer follow-up was estimated to be at least 96% (Goldbohm et al, 1994a ).
In the 4.3 years of follow-up, a total of 762 female breast cancer cases were detected. After exclusion of women who reported a history of cancer at baseline other than non-melanoma skin cancer (n=85), cases in which the cancer was not microscopically confirmed (n= 3) and cases with in situ carcinoma of the breast (n= 24), 650 incident cases of breast cancer were available for analyses. From the subcohort, prevalent cancer cases other than non-melanoma skin cancer were excluded as well, leaving 1716 women for the analyses.
The questionnaire
The self-administered questionnaire has been described in detail elsewhere (Goldbohm et al, 1994b) . The dietary section of the questionnaire, a 150-item semiquantitative food frequency questionnaire, concentrated on habitual consumption of food and beverages during the year preceding the start of the study. The principal nutrients of interest in the design of the questionnaire were energy, protein, fat, cholesterol, carbohydrates, dietary fibre, alcohol, calcium, vitamin A, ,B-carotene and vitamin C. Mean daily nutrient intakes were calculated using the computerized Dutch food composition table (Nevo, 1986) . The questionnaire was validated against a 9-day diet record (Goldbohm et al, 1994b) . Information on dietary supplement use was collected using an open-ended question with space for adding a maximum of four different supplements. Participants were asked whether they used vitamin tablets, drops or other preparations during the 5-year period before baseline.
Data analysis
Subjects with incomplete or inconsistent dietary data were excluded from analysis. Questionnaires were arbitrarily considered incomplete if either (a) more than 60 items were left blank and fewer than 35 items were eaten at least once a month; or (b) one or more series of items grouped together were left blank. They were considered inconsistent if the cumulative score of response errors, computed for each questionnaire, exceeded a value scored for questionnaires that were judged unacceptable by visual inspection (Goldbohm et al, 1994b) . Eventually, 607 female breast cancer cases and 1598 female subcohort members with complete dietary data were included in the analyses.
The distribution of age-adjusted dietary factors and other characteristics was compared between breast cancer cases and female subcohort members. Age adjustment was done by regression analysis. Participants were categorized according to quintile of intake of relevant food groups or nutrients, or according to their use of vitamin C-containing supplements. Age, intake of energy, alcohol and fat, supplement use and various non-dietary risk factors for breast cancer, i.e. history of benign breast disease, maternal breast cancer, breast cancer in sister(s), parity, age at first birth, age at menarche and age at menopause, were considered as potential confounders. Alcohol intake and the above non-dietary risk factors were selected because they showed an association with breast cancer risk in previous analyses (Van den Brandt et al, 1993 . Data were analysed using the case-cohort approach (Self and Prentice, 1988) . Age-and energy-adjusted relative rates (RRs) of breast cancer and 95%-confidence intervals (95% CI) were computed for the intake of relevant food groups, vitamins or provitamins and dietary fibre, using the GLIM statistical package (Baker, 1985) . In multivariate analyses the relative rates were adjusted for the above covariates. Tests for trend were based on likelihood ratio tests. Two-sided P-values are used throughout this report.
Based on animal studies, diets rich in polyunsaturated fatty acids (PUFAs) are suggested to promote the growth of mammary tumours through the generation of lipid peroxy radicals and/or oxygen radicals (Welsch, 1987) . To find out whether the effect of antioxidant intake on the risk of breast cancer was modified by the intake of PUFAs, relative rates of breast cancer for antioxidant intake were calculated per stratum of intake of PUFAs after adjustment for potential confounders. For this purpose, PUFA intake was divided into two strata, high vs low intake, with high intake including the two highest quintiles of intake of PUFAs, and low intake the two lowest quintiles. PUFA intake was energy adjusted by regression analysis (Willett and Stampfer, 1986) . A likelihood ratio test was performed to find out whether there was a significant interaction between intake of antioxidant and PUFAs. Table 1 presents the distribution of age-adjusted dietary factors and of covariates in the case and the subcohort groups. There were no appreciable differences in mean age-adjusted intakes of food groups and nutrients of interest between subcohort members and cases. Among the subcohort members, the mean age-adjusted intakes of food groups and nutrients of interest in the various categories of the covariates were compared (data not shown). For most covariates, there were no associations with the intakes. Maternal breast cancer was slightly positively associated with the above intakes, except for retinol and vitamin E. For parity, the intakes were lowest in nulliparae, except for potatoes and vitamin E. For age at menarche, the intakes were highest among those with age at menarche < 12 years, except for potatoes. Overall, the differences in the intakes between the various categories of the covariates were relatively small. Table 2 shows the relative rates for breast cancer according to quintiles of intake of vegetables, fruit, potatoes, (pro)vitamins and dietary fibre, and according to use of vitamin C supplements, both after adjustment for age and energy intake, and after further adjustment for intake of alcohol, history of benign breast disease, maternal breast cancer, breast cancer in sister(s), age at menarche, age at menopause, age at first birth and parity. Adjustment for factors other than age and energy intake did not alter the relative rate estimates considerably. In the multivariate analysis, consumption of vegetables or potatoes was not associated with the risk of breast cancer (P-trend=0.30 and 0.55 respectively). Fruit consumption showed a weak, non-significant, inverse association with risk of breast cancer; the relative rates for increasing quintiles were 1.00, 0.88, 0.77, 0.90 and 0.76 (P-trend = 0.10). For retinol, a weak nonsignificant positive association was observed; the relative rate of British Journal of Cancer (1997) 75 (1), [149] [150] [151] [152] [153] [154] [155] breast cancer increased to 1.30 in the third quintile of intake, but decreased to 1.24 in the fifth quintile. The test for trend was not significant. No significant associations were observed with intake of p-carotene, vitamin E or dietary fibre (P-trend = 0.96, 0.37 and 0.16 respectively). With increasing quintiles of vitamin C intake, the relative rate decreased to 0.68 (95% CI 0.49-0.95) in the fourth quintile, then went to 0.77 in the fifth quintile (P-trend = 0.08). Further inclusion of energy-adjusted total fat intake or use of vitamin C supplements in the multivariate model did not result in a change of the relative rate estimates (results not shown). The relative rates of breast cancer according to the use of vitamin C supplements did not differ significantly from unity.
RESULTS
We also evaluated whether the associations between antioxidants and breast cancer were modified by the intake of PUFAs (energy adjusted). Multivariate analyses were performed in the subgroups of PUFA intake; the results are shown in Table 3 . The intake of vitamin E was too highly correlated with intake of PUFAs to perform the analysis for vitamin E (Pearson correlation coefficient = 0.71). The association between intake of f-carotene and risk of breast cancer was weakly positive when the intake of PUFAs was low, and weakly negative when the intake of PUFAs was high (Ptrend = 0.15, in both cases). The interaction between intake of Pcarotene and PUFAs regarding breast cancer risk was significant (P likelihood ratio test = 0.01). For vitamin C, an association with breast cancer was not apparent in the low-PUFA group, whereas a non-significant inverse association was seen in the high-PUFA group. There was no significant interaction between vitamin C and PUFA intake (P likelihood ratio test = 0.19).
DISCUSSION
This prospective cohort study showed no evidence that a high intake of vegetables, fruit, potatoes, retinol, n-carotene, vitamin E or dietary fibre decreased the risk of breast cancer. Vitamin C intake was significantly inversely associated with breast cancer risk for those in the second and fourth quintile, but the overall trend was non-significant. For f-carotene and vitamin C, there was no clear evidence that the effect of intake on risk of breast cancer was modified by intake of PUFAs.
The Netherlands Cohort Study was carried out in a large sample of the general population of women aged 55-69 years. The number of breast cancer cases detected after 4.3 years of follow-up is considered sufficient to study aetiological relationships (Philips and Pocock, 1989) . During the 4.3 years, a high degree of completeness of follow-up of both person-years and cancer cases was achieved (Van den Brandt et al, 1993; Goldbohm et al, 1994a) . Selection bias due to loss of follow-up is therefore unlikely in this study. Given the prospective design of the study, information bias is also unlikely. Furthermore, all known risk factors for breast cancer were measured and controlled for in the multivariate analyses. Nevertheless, unidentified risk factors may have affected the studied associations.
Misclassification of exposure may have influenced the results. For our study a semiquantitative food frequency questionnaire was used to measure intake of nutrients and food groups. From a validation study it was concluded that the questionnaire could satisfactorily rank subjects according to intake of nutrients and food groups (Goldbohm et al, 1994b) . In a reproducibility study, it was further demonstrated that the single food frequency questionnaire measurement could characterize dietary habits for a period of at least 5 years .
The results of epidemiological studies on breast cancer risk and the intake of micronutrients relevant to this paper vary substantially (Table 4) . In cohort studies, no significant inverse associations were found between antioxidant or dietary fibre intake and breast cancer risk, whereas in most case-control studies the associations were significantly inverse. For retinol, no significant inverse associations with breast cancer risk were found, although in a study by Hunter et al (1993) the intake of preformed vitamin A (including retinol) was significantly inversely associated with breast cancer risk.
The effect of the consumption of vegetables, fruit and potatoes on breast cancer risk was also examined in this study. Both vegetable and potato consumption showed no association with breast cancer risk. The consumption of fruit, the principal contributor to vitamin C intake, showed the same association with breast cancer risk as the intake of vitamin C, i.e. a moderate non-significant decline of risk with increasing intake. In other epidemiological studies, there was some evidence for an inverse association between consumption of vegetables and fruit and risk of breast cancer, although this was not very consistent (reviewed by Steinmetz and Potter, 1991) . Yuan (1995) Per unit intake 0.9 (per 1753 IU) 0.6a,b (per 7269 IU) 0.3b (per 179 mg) 0.7 (per 30 mg) 0.4b (per 6 g) Freudenheim (1996) Highest vs lowest quartile 0.46b 0.53b 0.55b 0.52b alntake of carotene. b Significant association. cPreformed vitamin A. dintake of carotenoids with vitamin A activity. cMeta-analysis of several case-control studies.
In our study, supplemental vitamin C intake was not associated with the risk of breast cancer, which is in agreement with results of other epidemiological studies (Graham et al, 1991; Shibata et al, 1992 Hunter et al, 1993 . Rohan et al (1993) reported a 40-50% increase in the risk of breast cancer in association with the intake of more than 250 mg day-' vitamin C supplements. It is suggested that diets rich in PUFAs promote mammary tumour growth by generating lipid peroxy radicals and/or oxygen radicals (Welsch, 1987) . Intake of antioxidants would reduce this effect. In our study, the intake of f-carotene or vitamin C was nonsignificantly negatively associated with breast cancer risk when the intake of PUFAs was high. It should be noted that in a recent pooled analysis of seven cohort studies, including this study, a high intake of PUFAs was not associated with decreased risk of breast cancer (Hunter et al, 1996) .
In conclusion, the results of this prospective cohort study provide no evidence of an inverse association between the intake of retinol, :-carotene, vitamin C, vitamin E, dietary fibre, fruit, vegetables and potatoes and the risk of breast cancer. For Pcarotene and vitamin C, there was no clear evidence that the intake of PUFAs modifies the effects of f-carotene and vitamin C on breast cancer risk.
